In this study, 6,13-Bis(4-propylphenyl)pentacene was synthesized and characterized. The structures of the products that were obtained during the reaction steps were identified via FT-IR and NMR spectroscopy and elemental analysis. The compound was found to be soluble in organic solvents like chloroform, dichloromethane, THF, and toluene. The charge transport mobility was 10 -4 cm , and the on/off current ratio was 10 2 , while the compound was 2.5 times more stable under oxidation in a solution compared with pentacene.
Introduction
In the last decade, intensive research and development efforts were made on organic semiconducting materials and their new and diverse applications. Today, the impact of organic semiconductors is starting to be felt, and such semiconductors now offer potential applications in organic lightemitting diodes (OLED), organic photovoltaic cells (OPVCs), chemical sensors, and organic thin-film transistors (OTFTs). Due to their easier fabrication processes, organic semiconductors have attracted much more attention than silicon technologies have as the latter require high-temperature and highvacuum-deposition processes in thin-film transistors (TFTs). Moreover, organic semiconductors can be fabricated through solution processes like spin-coating, inkjet printing, and screen printing. Therefore, organic semiconductors can be considered the most suitable candidate for use in the application of fabrication processes in OTFTs because it is expected that the key factors in the future display industry will be simplicity, durability, and flexibility.
Many conjugated materials for semiconductors have been studied, but pentacene derivatives attract continuous attention and have been most widely studied. Pentacene, which consists of five fused benzene rings, has emerged as a viable candidate for the charge transport layer in OTFTs, which are being developed for potential applications in active-matrix displays as a switching device. The interest in pentacene, which exhibits p-type transport, stems primarily from its relatively high charge transport mobility and high on/off current ratio in OTFTs. The practical uses of pentacene, however, are still limited by its high sensitivity to oxygen and its low solubility in organic solvents [1] [2] [3] [4] . To improve the oxidative stability and solubility of pentacene, many research groups are attempting to design and synthesize new pentacene derivatives [5, 6] .
In this study, a pentacene derivative with a lateral propylphenyl substituent was synthesized and characterized, and its oxidative stability and solubility in common organic solvents were described.
Experiment

Chemicals and Instruments
All the reagent-grade starting materials that were used in this study were purchased from Aldrich and TCI. Commercially available reagents were used without further purification, and silica gel (0.063 ~ 0.200 mm) was purchased from Merck for column chromatography. The structure of the compounds was characterized via FT-IR spectroscopy (Jasco, FT/IR-300E in KBr pellet form) and 1 H NMR spectroscopy (Bruker, DPX 200MHz). The 1 H chemical shifts were given in the δ (ppm) unit relative to tetramethylsilane (TMS), where δ (TMS)=0, and were referenced to the peaks of the residual solvent. The oxidative stability of the pentacene derivative was measured using a UV-visible spectrophotometer (Mecasys, UV-3220). The charge transport mobility and on/off current ratio were obtained at room temperature under a dark state, using a semiconductor parameter analyzer (ELECS, EL421C).
Synthesis
Pentacenequinone (1): 1,4-cyclohexanedione (3.86 g, 33.0 mmol) and potassium hydroxide (7.50 g, 132 mmol) were dissolved in ethanol (100 ml), and the solution was cooled down to 0℃. Then o-phthalaldehyde (9.00 g, 66.0 mmol) was added to the solution. The reaction mixture was stirred for 1 h at 0℃, and for an additional 1 h at 60℃. After the reaction, the product was collected via filtration and then thoroughly washed with water and ethanol [7] . Yield: 76%; IR (KBr pellet, cm 6,13-Bis(4-propylphenyl)-6,13-dihydropentacene-6,13-diol (2): A 2.0M solution of n-BuLi in hexane (2.0 mL, 4.0 mmol) was added dropwise to a solution of 1-bromo-4-propylbenzene (0.40 g, 3.9 mmol) in dry THF (20 mL) at -78℃, under a nitrogen atmosphere. The solution was stirred for 40 min. After the addition of 6,13-pentacenequinone (0.30 g, 1.0 mmol) to the solution, the obtained mixture was stirred for 1 h at -78℃, and for an additional 7 h at room temperature. After the reaction, the mixture was poured into water (200 mL), and then dichloromethane (200 mL) was added to it. After the resultant organic layer was separated and then washed with water (200 mL×2), the solvent was removed via evaporation under reduced pressure. Yield: 64%; IR (KBr pellet, cm , and 1.14 (t, 6H, CH 3 ).
6,13-Bis(4-propylphenyl)pentacene (3): Tin(II) chloride dihydrate (2.4 g, 10.0 mmol) and 50% acetic acid (2.0 mL) were added to a solution of 6,13-bis(4-propylphenyl)-6,13-dihydropentacene-6,13-diol (0.50 g, 0.9 mmol) in 1,4-dioxane (80 mL), under a nitrogen atmosphere. The reaction mixture was stirred at 70℃ for 5 h. After the reaction, the mixture was poured into water (200 mL), and then dichloromethane (200 mL) was added to it. The residual organic layer was separated and washed with water (200 mL×2). After the removal of the solvent, the residue was purified via column chromatography on silica gel (hexane: chloroform=1:2 
Fabrication of an OTFT
TFTs were fabricated with glass substrates. For the gate electrode, a 70-nm-thick Al layer was prepared on a glass substrate via thermal deposition. Cross-linked polyvinylphenol (PVP) was used as the insulator, which was prepared by mixing the PVP with poly(melamine-co-formaldehyde) in propylene glycol monomethyl ether acetate (PGMEA). The bottom-contact source/drain electrode was fabricated by depositing 50-nm-thick Au. The channel length was 50 μm, and the width was 100 μm. The active layer with a thickness of over 60 nm was prepared by spin-coating a 3-wt% solution of compound 3 in chloroform.
Results and Discussion
A new pentacene derivative, 6,13-bis(4-propyl-phenyl) pentacene, was synthesized via the "organolithium reaction" method, as shown in Fig. 1 . All the intermediate products obtained during the reaction steps were characterized via FT-IR and NMR spectroscopy. The results were in accordance with the expected formula. The three ranges of the solubility levels for 6,13-bis(4-propylphenyl)pentacene were classified in common organic solvents like chloroform, dichloromethane, tetrahydrofuran (THF), hexane, acetone, N,Ndimethylformamide (DMF), and toluene, at room temperature. The results are summarized in Table 1 . Single circles, triangles, and cross signs were used, respectively, to represent the solubilities of more than 10 mg per mL (excellent solubility), between 5 and 10 mg per mL (good solubility), and less than 1 mg per mL (poor solubility). The obtained 6,13-bis(4- Fig. 2 . Time-dependent UV-vis spectra of 6,13-bis(4-propylphenyl) pentacene in dichloromethane, under room light. 
>10 mg/mL; △: 5~10 mg/mL; ✕: <1 mg/mL propylphenyl)pentacene showed excellent solubility in THF, good solubility in chloroform, dichloromethane, and toluene, and poor solubility in hexane, acetone, and DMF. It was previously reported that pentacene and other pentacene derivatives could be oxidized under the atmosphere, with room light [8, 9] . Thus, in this study, decolorization by irradiation was investigated for an examination of the oxidative stability of the pentacene derivative in a solution. The time-dependent UV-vis spectras of 6,13-bis(4-propylphenyl)pentacene in dichloromethane were measured to estimate their stability in a solution. Fig. 2 shows the UV-vis spectra of 6,13-bis(4-propylphenyl)pentacene, which show a characteristic vibrational finger-like absorbance in the 518, 558, and 602 nm wavelengths. The solution of 6,13-bis(4-propylphenyl)pentacene in dichloromethane gradually became colorless, and the peak intensity in the UV-vis spectra was decreased depending on the room light exposure period. The characteristic peaks of 6,13-bis(4-propylphenyl)pentacene disappeared after 50 min. The results indicate that 6,13-bis(4-propylphenyl)pentacene exhibits gradual degradation in a solution, under room light. The solubility and oxidative stability can be increased, however, by introducing propylphenyl groups at the 6,13 position of pentacene, unlike the pentacene oxidized after 20 min in a toluene solution [10] .
The electrical property of 6,13-bis(4-propylphenyl)pentacene was obtained in TFT, with a 50 μm channel length and a 100 , and the on/off ratio was 10 2 . It was envisioned that if an attempt would be made to optimize the device configuration, there would be room for the further enhancement of the OTFT performance, using the soluble pentacene derivative as a semiconductor material.
Conclusions
In this study, a new pentacene derivative with propylphenyl groups was synthesized and characterized. The 6,13-bis(4-propylphenyl)pentacene was found to be soluble in common organic solvents like chloroform, dichloromethane, THF, and toluene. 6,13-bis(4-propylphenyl)pentacene was completely oxidized in a solution after 50 min, under room light. It was found that the stability of pentacene when subjected to light can be increased by introducing propylphenyl substituents. The charge transport mobility of 6,13-bis(4-propylphenyl)pentacene was 10 -4 cm , and its on/off ratio was 10 2 .
